Elevated blood pressure (BP) may lead to incident diabetes. However, data about the effect of different BP components on incident diabetes in Middle Eastern women is lacking. We evaluated systolic BP (SBP), diastolic BP (DBP), pulse pressure (PP) and mean arterial pressure (MAP) as independent predictors of diabetes in Iranian women. We performed a populationbased prospective study among 3028 non-diabetic women, aged X20 years. Odds ratios (ORs) of diabetes were calculated for every 1 s.d. increase in SBP, DBP, PP and MAP. During E6 years of follow-up, 220 women developed diabetes. There were significant interactions between family history of diabetes and SBP, PP and MAP (Pp0.01) in predicting incident diabetes. In women without a family history of diabetes, all BP components were significantly associated with diabetes in the ageadjusted model; the risk factor-adjusted ORs were significant (Po0.05) for SBP, PP and MAP (1.30, 1.34 and 1.27, respectively) with similar predictive ability (area under the receiver operating characteristic curve E83%). In women with family history of diabetes, in the age-adjusted model, SBP, DBP and MAP were associated with diabetes; in multivariable model, they were not independent predictors of diabetes. In conclusion, in women without family history of diabetes, SBP, PP and MAP, were independent predictors of diabetes with almost similar predictive ability; hence, in the evaluation of the risk of BP components for prediction of diabetes, the presence of family history of diabetes should be considered.
Introduction
Epidemiological evidence suggests that the worldwide incidence of type 2 diabetes is increasing. 1 Most of the new cases of diabetes are from developing countries, and the Middle Eastern countries are listed among areas having the greatest relative increases by 2030. 2 In Iranian women, the prevalence of diagnosed and undiagnosed diabetes were 10 and 4.7%, respectively, 3 with an estimated incidence of new cases in about 1% per year. 4 In a recent prospective study in Iran, it was shown that female sex per se had a significantly increased risk of diabetes in an age-adjusted model. 4 Effective prevention and control programs are needed to prevent the ongoing increase in the prevalence of this disease. 5 One of the most important steps in development of preventive strategies is identification of risk factors. 6 Some previous studies have demonstrated that hypertension is an independent risk factor for incident diabetes in various populations. [7] [8] [9] On the basis of the 'common soil hypothesis', elevated blood pressure (BP) could be an early sign of insulin resistance, 8, 10 which may lead to incident diabetes. There is an alternate hypothesis indicating that high BP causes vascular dysfunction, which leads to insulin resistance. 11 Demonstration of the exact association of BP and incident diabetes is important because of implicating the close surveillance of risk factors in individuals with increasing BP. 12 Although some studies have demonstrated the relation of high BP and incident diabetes, but to the best of our knowledge no study has compared different BP indexes, such as mean arterial pressure (MAP) with systolic BP (SBP) and diastolic BP (DBP) for prediction of incident diabetes, an identification, which could influence on the choice of treatment of hypertension and preventive strategies to reduce incident diabetes. We aimed to evaluate SBP, DBP, pulse pressure (PP) and MAP as independent predictors of incident diabetes and to determine the appropriate cutoff values of these BP measures for incident diabetes in Iranian women.
Materials and methods

Study population
Subjects in this study were selected from among participants of the Tehran Lipid and Glucose Study, a prospective study conducted to determine the risk factors and outcomes for non-communicable diseases. 13, 14 In brief, 15 005 people aged X3 years, residents of district-13 of Tehran, underwent a baseline examination from February 1999 to August 2001. After this cross-sectional phase, subjects were categorized into the cohort and intervention groups, the latter to be educated for implementation of lifestyle modifications. For the current study, 5971 women, aged X20 years were selected. After excluding those with prevalent diabetes at baseline (n ¼ 686), missing data regarding fasting and 2-h plasma glucose (n ¼ 481), and missing data for any of BP measures and other covariates (n ¼ 183), 4621 non-diabetic subjects were re-assessed in the two consecutive phases at approximately 3- Blood pressure components for prediction of diabetes M Hatami et al smoking behavior were collected by a trained interviewer, using a validated questionnaire. Weight was measured, while subjects were minimally clothed without shoes, using digital scales (Seca 707, Seca Corp., Hanover, MD, USA; range 0.1-150 kg) and recorded to the nearest 100 g. Height was measured in a standing position without shoes, using tape meter with shoulders in normal alignment. Body mass index (BMI) was calculated as weight (kg) divided by square of height (m 2 ). Two SBP and DBP measurements were taken using a standardized mercury sphygmomanometer (calibrated by the Iranian Institute of Standards and Industrial Researches) on the right arm, after a 15 min rest in a sitting position, and mean of the two measurements was considered as the subject's BP. A blood sample was drawn between 0700 and 0900 h from all study participants after 12-14 h overnight fasting. All the blood analyses were carried out at the Tehran Lipid and Glucose Study research laboratory on the day of blood collection. Plasma glucose was measured using an enzymatic colorimetric method with glucose oxidase. The standard oral glucose tolerance test was performed for all participants who were not on glucoselowering drugs at baseline and follow-up. Highdensity lipoprotein cholesterol (HDL-C) was measured after precipitation of the apolipoprotein B-containing lipoproteins with phosphotungstic acid. Triglyceride (TG) was assayed using an enzymatic colorimetric method with glycerol phosphate oxidase. These analyses were performed using commercial kits (Pars Azmoon Inc., Tehran, Iran) and a Selectra 2 auto analyzer (Vital Scientific, Spankeren, The Netherlands). The intra-and interassay coefficients of variation were both 2.2% for glucose. For HDL-C, intra-and interassay coefficient of variations were 0.5 and 2%, respectively, and for TG, these were 0.6 and 1.6%, respectively. 13, 14 The glucose measurements were conducted by the same method at the baseline and follow-up examinations and intra-and interassay coefficient of variations for the follow-up examinations were less than 3.3%.
Definition of terms
Positive family history of diabetes was defined as having at least one parent or sibling with diabetes. History of CVD reflected any history of ischemic heart disease and/or cerebrovascular accidents. On the basis of the American Diabetes Association definitions of diabetes, those who used anti-diabetic drugs or had fasting plasma glucose X7 mmol l À1 or 2-h plasma glucose (2 hPG) X11.1 mmol l À1 were considered as diabetic individuals, and those individuals with 2 hPG between 7.77 and 11.1 mmol l À1 were defined as impaired glucose tolerant (IGT). 15 Hypertension status included a record of current use of antihypertensive drugs and/or SBP X140 mm Hg or DBP X90 mm Hg; prehypertensive subjects were those with SBP between 120 and 140 mm Hg or DBP between 80 and 90 mm Hg. 16 Smoking status categorized as 'current' smokers included a record of current regular or occasional smoking; 'past' smokers were those who used to smoke in the past, whereas those who had never smoked were diagnosed as 'never' smokers. Menopause status was defined as an absence of spontaneous menstrual bleeding for over 12 months.
Statistical analyses
Mean (s.d.) values for continuous and frequencies (%) for categorical variables of the baseline characteristics are given for participants with and without incident diabetes, and compared by Student's t-test for continuous and w 2 -test for categorical variables. As TG had skewed distribution, it was shown as median (interquartile range) and compared between the two groups using the MannWhitney's U-test.
Interactions between each BP measure and the other variables were tested using log-likelihood ratio test of models containing first-order interactions and for avoiding type I error strongly, and also as a large number of statistical comparisons were used in our interaction analysis, Pp0.01 was considered to be statistically significant.
Logistic regression analysis was used to study the associations of BP with incident diabetes. To select covariates to be included in the multivariate logistic regression models, univariate analysis was used for each candidate covariate (age, history of CVD, intervention group, BMI, smoking status, HDL-C, TG, baseline IGT, menopause status and antihypertensive drugs); following this, each covariate that had a P-value less than 0.2 in the univariate analysis was selected to be included in a stepwise backward (P-value remove ¼ 0. 
Results
The study population consisted of 3028 women with a mean age of 43 years. After a median followup of 6.4 years, 220 incident cases of diabetes were registered. Table 1 shows the baseline characteristics of participants according to incident diabetes. Compared with women who did not have diabetes during follow-up, those who did, were older and had a higher positive family history of diabetes, history of previous CVD, baseline IGT, antihypertensive drug use and BMI at baseline. The women who developed diabetes also had lower baseline HDL-C and higher TG levels than those who remained non-diabetic.
In women, there were significant interactions between family history of diabetes and SBP (P ¼ 0.005), PP (P ¼ 0.008) and MAP (P ¼ 0.01) in predicting incident diabetes. Thus, in women, all the analyses were stratified according to family history of diabetes status. As shown in Table 2 , in women without family history of diabetes, in the age-adjusted model, all the BP components were significantly associated with diabetes. After further adjustment with baseline IGT, TG, HDL-C and BMI, SBP, PP and MAP remained as independent risk factors of diabetes so that a 1 s.d. increase in each of them increases the risk of diabetes by 30, 34 and 27%, respectively. Diastolic BP did not show association with incident diabetes in the multivariable model. In women with positive family history of diabetes, in the age-adjusted model, SBP, DBP and MAP were associated with incident diabetes; although in the multivariable model, the BP components were not independent predictors for diabetes. The Hosmer-Lemeshow test did not reject goodness of fit for the models (all P40.4). Predictive ability (as assessed by area under the receiver operating characteristic) of these models was statistically equal (all P values 40.05).
To further explore the nature of the mentioned interaction, we undertook other analysis according to the hypertension status; in women with hypertension, the multivariable OR (95% CI) of diabetes for women with positive family history of diabetes as compared with those with negative family history of diabetes was 1.10 (0.64-1.90). The corresponding OR in women without hypertension was 2.35 (1.62-3.40).
In categorical analyses, in the women without family history of diabetes, prehypertension and hypertension increased the risk of diabetes almost by twofold (ORs: 2.22(1.35-3.65)) and threefold (3.06(1.79-5.22)), respectively, compared with normal BP level, in age-adjusted model; the corresponding multivariable ORs were 1.64 ((0.98-2.76), P ¼ 0.06) and 1.66 ((0.94-2.92), P ¼ 0.08), respectively.
The cutoff points of various BP components to predict diabetes with their corresponding specificity and sensitivity among women are shown in Table 3 . The cutoff points (maximum sums of sensitivity and specificity) of SBP, PP and MAP were 120, 40 and 92 mm Hg, respectively. We determined these cutoff values both in the all women population and also in those without family history of diabetes; there was no significant difference between the calculated cut points. Mean ± s.d. are shown for continuous variables and P-value is calculated with Student's t-test; % is shown for categorical variables with P-value according to w 2 -test; triglycerides shown as median (interquartile range) and P-values according to Mann-Whitney's U-test are shown. For categorical variables with more than two values, the first category was considered as the reference and the P-value is for inner trend in risk; impaired glucose tolerance: 2-h plasma glucose level between 7.77 and 11.1 mmom l À1 .
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In a further analysis, we added antihypertensive medication at baseline to the multivariable models. The direction of the association of BP components with incident diabetes remained the same.
Discussion
In this prospective study, in women without family history of diabetes, SBP, PP and MAP, with similar predictive ability, predicted incident diabetes in multivariable-adjusted models. Among the women with family history of diabetes, SBP, DBP and MAP were significantly associated with risk of diabetes in age-adjusted models, whereas in multivariable analysis, none of the BP measures were not associated with incident diabetes. In women without family history of diabetes, prehypertension and hypertension increased the risk of diabetes by 64 and 66%, respectively, compared with those with normal BP, which were marginally significant. Our study showed that among Iranian women, the cutoff values of 120 mm Hg for SBP, 40 mm Hg for PP and 92 mm Hg for MAP highlighted the maximum sums of sensitivity and specificity for defining the incidence of diabetes.
In this study, in women without baseline diabetes, significant interactions were observed between family history of diabetes and BP components for incident diabetes. Along with the risk factors of diabetes, an increase in BP components increases the risk of diabetes only in women without family history of diabetes; however, in those with family history of diabetes none of the BP measures were associated with diabetes. On the other hand, the multivariable OR of positive family history of diabetes was higher in women without hypertension. In a prospective study, in a multivariable model including parental history of diabetes, SBP did not associate with diabetes in women; 18 although that study did not mention interactions, but it might be that the nonsignificant association between SBP and diabetes was related to presence of family history of diabetes in the multivariable model, which had the highest hazard ratio in the predictive model of diabetes. In the Framingham Offspring Study in the prediction model for incident diabetes, SBP was not associated with diabetes in the presence of parental history of diabetes mellitus. 19 Also, in an other prospective study of an Aboriginal community, with almost 35% positive family history of diabetes, after 10 years follow-up, SBP was only associated with an increased risk of diabetes in the age-and sex-adjusted model; however after adjustment with components of metabolic syndrome, SBP was not longer associated with diabetes. 20 There are some other studies that show SBP as an independent predictor of diabetes despite adjustment for parental history of diabetes in the sex-adjusted model but not in the sex-stratified analysis. 9, 21 Further studies are needed to clarify the causes underlying our finding. Abbreviations: aROC, area under the receiver operating characteristic; CI, confidence interval; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure. Cutoff points are for maximum sum of sensitivity and specificity.
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In the current study, DBP had a significant association with incident diabetes in age-adjusted models, both in women with and without a family history of diabetes; however, it was not an independent predictor of diabetes in multivariable-adjusted model in the two groups of women. In a prospective study, after E8 years follow-up, DBP did not have a significant OR for incident diabetes, neither in the sex-adjusted model, including family diabetes history, nor in the models without adjustment for it. 21 In the women of Finnmark Study, DBP was associated with incident diabetes in the age-adjusted model but not in the multivariable-adjusted model. 22 Although many studies examined PP and MAP as predictors of CVD, 23, 24 there is lack of data regarding the effect of these components for prediction of diabetes, compared with other BP components. Kramer et al. 21 in the Rancho Bernardo study showed that 10 mm Hg increases in PP causes a 20% increase in risk of diabetes in the multivariable-adjusted model. We found no data regarding evaluation of MAP on this issue. In the current study, it was shown that PP and MAP predicted incident diabetes with predictive power similar to SBP.
Our study showed that, the cutoff values of SBP, PP and MAP were 120, 40 and 92 mm Hg, respectively. These cut points reveal that any increase in BP components over the normal level of BP according to seventh report of Joint National Commission on Prevention, Detection, Evaluation and Treatment of High Blood Pressure, 16 might increase the risk of diabetes among Iranian women. In line with our results, there is some evidence indicating that prehypertension is significantly associated with diabetes. 21 We determined that prehypertension in women without family history of diabetes is associated with diabetes. The marginally significant association of prehypertension and hypertension with diabetes in the current study might be partly attributable to the limited statistical power. These findings emphasized to encourage the public and health-care professionals to prevent the increase of BP levels in general population, 16 not only for prevention of incident CVD and hypertension but also for incident diabetes.
There are several limitations regarding the interpretation of our data. First, this study was limited to Iranian women, aged 20 years and older, and therefore further studies should be conducted to determine whether our findings are applicable to men and other populations. Second, BP values were based on two measures in one day; thus there is the potential bias in the accurate classification of hypertension. However, it has been shown that multiple measurements did not improve the risk determining rather than single BP measurement. 25 Third, considering the limited numbers of events, we were not able to exclude women who were taking antihypertensive drugs. Although we adjusted antihypertensive medications in another analysis, it did not change our main results. On the other hand, in previous studies, it was shown that exclusion of the participants that were on antihypertensive medications at baseline did not change the association between hypertension and diabetes. 26 Fourth, as presence of inflammation might be one explanation for the association between diabetes and hypertension, 27 another limitation of our study was lack of data regarding inflammatory factors such as C-reactive protein.
The prospective design was one of the most important strengths of this study. In addition to usage of anti-diabetic medication and fasting plasma glucose, we used oral glucose tolerance test for diagnosis of diabetes at baseline and follow-up, ensuring high accuracy of the diagnosis of diabetes in this study. Furthermore, this was the first study, which evaluated MAP as an independent predictor of diabetes.
In conclusion, any increase in SBP, PP and MAP over normal measures, according to Joint National Commission on Prevention, Detection, Evaluation and Treatment of High Blood Pressure , might be associated with increased risk of diabetes in Iranian women without family history of diabetes; hence, in the evaluation of the risk of BP components for prediction of diabetes, the presence of family history of diabetes should be considered.
